OBJECTIVEdTo examine racial/ethnic differences in the prevalence of diabetic kidney disease (DKD), with and without proteinuria, in an outpatient health care organization.
D
iabetic kidney disease (DKD), defined broadly as persistent proteinuria and/or low estimated glomerular filtration rate (eGFR) (#60 mL/ min/1.73 m 2 ) in patients with diabetes (1) , is the single leading cause of endstage renal disease (ESRD) in the U.S. (2) . Although only a small fraction of patients with type 2 diabetes progress to ESRD (3), type 2 diabetes is widely prevalent in adults (4) , and thus, a majority of patients starting on dialysis have type 2 diabetes.
Conventional wisdom has suggested that the natural history of DKD begins with the onset of proteinuria (microalbuminuria followed by macroalbuminuria) followed by a decrease in eGFR and eventually ESRD. However, over the last decade several observational studies have demonstrated that between one-third and one-half of patients with type 2 diabetes and low eGFR do not have proteinuria (5) (6) (7) . The pathogenesis for these patients is still controversial, but possibilities for this clinical picture include the following: classic diabetic nephropathy treated effectively with renin-angiotensin system inhibition, hypertensive nephrosclerosis, cholesterol microemboli, renovascular disease, or tubulo-interstitial fibrosis. Patients with type 2 diabetes and low eGFR without proteinuria progress at a slower rate to ESRD than patients with proteinuria, but the risks of cardiovascular disease (CVD) and other sequelae of chronic kidney disease (CKD) are still high in this population (8, 9) . Moreover, while risk factors for proteinuric or classic DKD are well-known, nonproteinuric DKD is less well described (9) . Therefore, examining rates of clinically important DKD requires analysis of both proteinuria and low eGFR.
Racial/ethnic differences have been reported in the prevalence of DKD and in associated cases of ESRD. Compared with the prevalence in Caucasians, the prevalence of DKD is approximately twoto threefold higher in African Americans, Hispanics (10) (11) (12) (13) , and Asians (2, 14) and up to 18-fold higher in Native Americans (15) . Racial/ethnic differences in prevalence rates also vary depending on the definition of DKD (e.g., proteinuria versus low eGFR) (16) and whether races are subdivided or considered in aggregate (2, 14, (17) (18) (19) .
Asian Americans are the fastest growing racial/ethnic groups in the U.S. (20) and have a higher prevalence of diabetes than Caucasians and most other racial/ ethnic minority groups in the U.S. (21) . The largest Asian subgroups in the U.S are Asian Indian, Chinese, and Filipino (22) . There are differences in prevalence of risk factors for DKD among these Asian American subgroups, with higher rates of obesity in Asian Indians and Filipinos, higher rates of hypertension in Filipinos, and higher rates of smoking in Filipinos relative to other Asian subgroups (23) . Despite population growth and greater intraracial diversity than any other racial/ ethnic groups, we are aware of no comparative data on the prevalence of different manifestations of DKD (proteinuria or low eGFR) among Asian American racial subgroups. Moreover, few epidemiologic studies have carefully examined prevalence and correlates of DKD in Asians (14, 19) . Using a large, diverse sample of primary care patients with type 2 diabetes in a managed-care setting, we investigated racial/ethnic differences in the prevalence and correlates of DKD among Asian Indians, Chinese, and Filipinos compared with other racial/ethnic groups. We hypothesized that there would be wide variation in the prevalence of manifestations of DKD among Asian subgroups, with higher rates of proteinuric DKD in Filipinos, given associated risk factors.
RESEARCH DESIGN AND METHODS

Study setting
We conducted this study in a mixedpayer, outpatient health care organization serving~800,000 active patients in the San Francisco Bay area of northern California. The demographic characteristics of the clinical population are similar to those of residents in the underlying service area in northern California (Alameda, San Mateo, and Santa Clara counties) for race/ethnicity and age distribution, but the clinical population has a slightly higher proportion of women, non-Hispanic whites (NHWs), and Asians and a lower proportion of blacks/African Americans and Hispanic/Latinos. The patient population is insured (58% PPO, 23% HMO, 16% Medicare, 2% self-payer, and 1% Medicaid) and thus under-represents the medically underserved.
Study design
We studied a 3-year, cross-sectional sample of patients in the EpicCare electronic health record (EHR) system (24) (27) or prescription of any antidiabetes medications (additional 3.6%). ; hypertension (ICD-9 codes 401.X, blood pressure .140/90 mmHg twice, or use of antihypertensive medications); dyslipidemia (ICD-9 codes 272-272.9, use of lipidmodifying agents, or one of the following: 1) fasting LDL $160 mg/dL, 2) fasting HDL ,40 mg/dL for men and HDL ,50 mg/dL for women, 3) fasting total cholesterol $240 mg/dL, and 4) fasting triglycerides $150 mg/dL); CVD, defined as physician-recorded diagnosis (ICD-9 codes for stroke, 430-436; coronary heart disease, 410-414; or peripheral vascular disease, 415, 451, and 453); smoking status (ever, never, or missing); primary insurance (PPO, HMO, and other); and frequency of office visits. Use of renin-angiotensin system inhibitors was defined as a medication order for renin inhibitors, ACE inhibitors, or angiotensin II receptor blockers during the study period.
Measures: patient characteristics
Outcome measures: manifestations of DKD Over 81% of our study population had at least one urine measure available for classification of proteinuria, and 93% of our population had at least one serum creatinine available for calculation of eGFR during the study period. Patients without measured urine protein or serum creatinine were more likely to be older, female, and NHW (Supplementary Table  1 ). Very few patients (N = 154; 1.0%) had an ICD-9 code for diabetic nephropathy (250.4X) without associated abnormal laboratory values (proteinuria or low eGFR), and these patients were excluded from our analyses. We classified manifestations of DKD as proteinuria with or without low eGFR (proteinuric DKD) or low eGFR alone (nonproteinuric DKD):
1. Proteinuric DKD (74.2% of patients with DKD), defined as having one abnormal result for microalbuminuria (urine albumin-to-creatinine ratio 30-299 mg/g creatinine, urine albumin 30-299 mg/24 h, or timed urine albumin 20-199 mg/min, 87.9%), macroalbuminuria (urine albumin-tocreatinine ratio $300 mg/g creatinine, urine albumin $300 mg/24 h, or timed urine albumin $200 mg/min, additional 6.8%), elevated urine protein test (urine protein-to-creatinine ratio $0.3 or 24-h total urine protein $300 mg, additional 3.7%), or physician-recorded diagnosis (ICD-9 code 791.0, additional 1.6%) 2. Low eGFR alone (nonproteinuric DKD, 25.8% of patients with DKD), defined as either having at least two abnormal estimated eGFR results (eGFR #60 mL/min/1.73m 2 , 92.3%) more than 3 months apart, using the four-variable Modification of Diet in Renal Disease (MDRD) equation for standardized creatinine measurements (28), or physician-recorded diagnosis (ICD-9 codes 585, 585.3-585.5, or 585.9, additional 7.7%) without any manifestations of proteinuria as defined above
The National Kidney Foundation Kidney Disease Outcomes Quality Initiative (K/DOQI) guidelines (1) define proteinuria by the use of two of three measurements within a 6-month window, i.e., persistent proteinuria. In our clinical cohort, patients may have outside laboratory data not listed in the EHR but available to the physician for diagnosis and coding. To assess whether use of a single voided specimen for classification of proteinuria was sufficiently representative, we estimated the rate of persistent proteinuria in patients with micro-or macroalbuminuria and at least one additional albumin excretion measurement during the time window of this cohort. Sixty-seven percent of these patients with microalbuminuria had persistent proteinuria. Among patients with macroalbuminuria and an additional measurement, 92% of these patients had persistent proteinuria. These rates of persistent proteinuria are comparable with other epidemiologic studies of manifestations of DKD (5, 29) . Serum and urine creatinine measurements were obtained by the kinetic Jaffe method using a uniform instrument (Siemens Dimension) across all laboratories in the EHR catchment area.
Statistical analyses
We compared patient baseline demographics using Wilcoxon tests or Wilson CIs as appropriate and calculated age-and sex-standardized prevalence rates for proteinuric and nonproteinuric DKD using direct standardization to the NHW Fig. 1 ) and describe the patient characteristics in Table 1 . Reviewing traditional risk factors for DKD (1,30), we note several similarities and differences among racial/ethnic minorities and NHWs. Overall, each racial/ethnic subgroup was significantly younger than NHWs. All racial/ethnic minorities had higher mean hemoglobin A 1c , with the exception of Chinese. Asian Indians, Chinese, and Filipinos had significantly lower BMI than NHWs. Asian Indians and Chinese had lower systolic blood pressure and lower rates of hypertension. All Asian subgroups had lower rates of having ever smoked compared with NHWs. All racial/ethnic minority patients except NHBs with type 2 diabetes had statistically significant lower rates of CVD history than NHWs. Filipinos and NHBs had significantly higher rates of renin-angiotensin system inhibitor use than NHWs in our cohort. Within this cohort of patients with type 2 diabetes, we classified patients with proteinuria or low eGFR. Twenty-six percent of patients had proteinuria. Overall, 9% of patients had low eGFR alone. Ageand sex-adjusted prevalence rates for DKD across different racial/ethnic groups are shown in Table 2 . Prevalence of individual manifestations of DKD differed markedly across racial/ethnic minorities. Asian Indians and Chinese had similar prevalence rates of proteinuric DKD than NHWs, but Filipinos, Hispanics, and NHBs had significantly higher rates of proteinuria. These latter subgroups also had higher rates of renin-angiotensin system inhibitor use. On the other hand, compared with NHWs, Chinese, Hispanics, and NHBs had significantly lower prevalence rates of nonproteinuric DKD.
Next, we calculated odds ratios after adjustment for multiple additional confounders related to the pathogenesis of DKD (i.e., hyperglycemia, obesity, high blood pressure, dyslipidemia, smoking history, or CVD) (1) or access to health care (e.g., insurance status, number of office visits); these measures are graphically shown in Fig. 1 . After multivariable analysis, racial/ethnic minorities had higher odds of proteinuric DKD but not nonproteinuric DKD. Similar to the age-and sex-adjusted prevalence rates, the odds of proteinuric DKD among Chinese, Filipino, Hispanic, and NHB women were higher. We observed a similar pattern for men compared with NHWs, although the odds ratio for nonproteinuric CKD in NHB men was not significantly lower.
CONCLUSIONSdSeveral investigators have demonstrated associations between race/ethnicity and the development of DKD. However, many consider the Asian population in aggregate or only consider a single subgroup (31, 32) . Other studies that estimate racial/ethnic differences in DKD consider single outcomes such as proteinuria, low eGFR (with or without significant proteinuria), or ESRD. In a prospective cohort study, Kanaya et al. (14) queried a diabetes registry with a large Asian population (7,494 patients) to demonstrate significantly higher rates of ESRD in all non-Caucasian populations including several Asian subgroups (Chinese, Japanese, and Filipinos). However, only a minority of persons (2-18%) with existing DKD progress to ESRD (33, 34) .
A substantially larger cohort of persons with type 2 diabetes has albuminuria and/or low eGFR (;40% of the 25-30 million persons with type 2 diabetes in the U.S.) (29, 35) . Furthermore, albuminuria and low eGFR are independent risk factors for cardiovascular or renal events in patients with type 2 diabetes (8, 36, 37) .
This study suggests that differences inherent in, or associated with, race/ ethnicity may help to explain differential clinical manifestations of DKD. Filipinos are known to have a high incidence of CKD, but a prior study suggested that a higher incidence of diabetes accounted for much of this association (38) . After adjustment for multiple confounders, we found a higher prevalence of kidney disease in Filipinos with diabetes relative to other Asian groups, suggesting that other factors, such as socioeconomic or cultural issues, dietary factors, or genetics, may play a unique role in this group. Asian Indians have shown variable rates of proteinuria and low eGFR in different studies (19, 39 ), but we found no significant differences between this subgroup and NHWs. Among Hispanics and NHBs, we also observed higher odds of proteinuric DKD. Nonproteinuric DKD was less prevalent among minorities than NHWs.
We suggest three factors that could account for the discrepancy between odds of proteinuric versus nonproteinuric DKD in racial/ethnic minorities. First, we classified patients with proteinuria based on a single voided urine specimen. If false positive rates for proteinuria were lower in racial/ethnic minorities compared with NHWs, we would then estimate comparatively lower rates of nonproteinuric kidney disease in racial/ethnic minorities. Second, the method for estimating eGFR may underestimate the number of patients with low eGFR in racial/ethnic minorities other than blacks. Several other studies have suggested modifications of the eGFR formula to reflect racial/ethnic differences in relative muscle and fat mass (40) . There are already modifications in the Modification of Diet in Renal Disease formula (28) to reflect differences in serum creatinine for women (lower) and blacks (higher), but future studies should strive to tailor eGFR-estimating equations for specific Asian subgroups and Hispanics to improve precision and avoid potential misclassification (41) . Lastly, our results may suggest that the pathophysiologic mechanisms that determine these disparate forms of DKD are truly influenced by racial/ethnic differences. Different pathophysiologic mechanisms that manifest as nonproteinuric DKD have been proposed (9) , and our data suggest that among patients with type 2 diabetes and CKD, NHWs are predisposed to these less progressive phenotypes. Our study was strengthened by the relatively large sample size, the diverse cohort, and the comparison of several renal manifestations in a single cohort with similar insurance status and access to care. We used a comprehensive EHR, but in addition to administrative (coding) data, we had access to specific laboratory data to enhance case ascertainment. We also used stringent definitions of DKD as supported by the K/DOQI guidelines (1). With exclusion of patients with kidney disease prior to the first diagnosis of diabetes, our prevalence rates might be underestimated, but we opted for increased specificity over sensitivity to compare racial/ ethnic disparities.
Our study was also limited in several respects. Our observations are from a cross-sectional study, and thus, we cannot draw causal inference. We included in our multivariable analysis all available factors known to be associated with DKD but could not capture all potential relevant covariates or severity, so there may be residual confounding for which we did not adjust. Increased use of reninangiotensin system inhibitors was higher among racial/ethnic groups with higher prevalence rates of proteinuric DKD (Table 2) , which likely represents confounding by indication (1) . Including renin-angiotensin system inhibitor treatment status in the multivariable logistic models did not significantly alter racial/ethnic differences in the odds ratios of proteinuric or nonproteinuric DKD (Supplementary Table  2 ). Our findings may have limited generalizability to the prevalence of DKD in certain racial/ethnic groups because we used a cohort of patients with health insurance, but conversely, we have reduced confounding Figure 1dMultivariable -adjusted odds ratios of proteinuric DKD (proteinuria with or without low eGFR) (top panel) and nonproteinuric DKD (low eGFR alone) (bottom panel) by sex and racial/ethnic subgroup relative to NHWs. ,, point estimate; bar, 99% CI; -, statistical significance compared with NHWs at P , 0.01. Though included in the model, odds ratios for other covariates (age in 2008, hemoglobin A 1c levels, BMI, prehypertension or hypertension, dyslipidemia, CVD, smoking status, primary insurance, and number of office visits) are not presented. NH, non-Hispanic.
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by poverty and lack of access to care that track with race/ethnicity. The significant differences in clinical characteristics between different racial/ethnic groups may not be fully accounted for by adjustment (e.g., age). We were also unable to adjust further for income, education, or other socioeconomic factors. Lastly, without individual chart review or biopsy data, we are unable to formally exclude other causes of kidney disease in these patients (e.g., hypertensive nephrosclerosis or renovascular disease), but regardless of the etiology, diabetes is an independent risk factor for progressive kidney disease (42) , and thus understanding racial/ethnic differences in prevalence rates in this cohort is important. In summary, rates of proteinuric and nonproteinuric DKD vary significantly across racial/ethnic groups. Additional prospective studies are needed to confirm these associations, as such studies could lead to improved public health surveillance of diabetes complications within diverse communities.
